Abstract. The incidence of zoonotic visceral leishmaniasis has not only been recognized but is, in fact, increasing in territories of northern continental Italy previously regarded as non-endemic. Recent findings of sporadic autochthonous canine infections and the presence of phlebotomine vectors in some provinces of north-eastern Italy have stimulated risk assessment for the spreading of leishmaniasis in the autonomous province of Bolzano-South Tyrol, the northernmost territory of the Italian eastern Alps. In July 2008, 61 phlebotomine sand flies (Diptera, Psychodidae) were caught and identified as Phlebotomus perniciosus and Sergentomyia minuta. This is the first record in South Tyrol of P. perniciosus, the most competent vector of Leishmania infantum in Mediterranean countries. Leishmania serology on local dogs kept in kennels gave negative results, while only imported canine leishmaniasis cases were reported by local veterinarians through a questionnaire survey. Bio-geographic aspects and epidemiological consequences are analyzed in relation with the risk of leishmaniasis introduction into the area.
Introduction
Zoonotic visceral leishmaniasis (VL) caused by the kinetoplastid protozoan Leishmania infantum is endemic in all countries of the Mediterranean basin. Parasites are transmitted to humans by the bite of phlebotomine sand flies, and canines serve as the main reservoir host. Although the overall prevalence of human VL in Italy is relatively low (155 cases notified in 2005 and 113 in 2006) according to the Italian Ministry of Health in 2009, the incidence has been increasing in humans as well as in dogs in the past two decades, with new foci being recorded within the traditional boundaries of endemic transmission, i.e. coastal peninsular and insular Italy, but also in northern continental regions previously regarded as non-endemic. Starting from the early 1990s, autochthonous foci of canine leishmaniasis (CanL) have been progressively recorded in sub-alpine territories of six regions, namely Piedmont, Valle D'Aosta, Lombardy, Trentino, Friuli-Venezia Giulia and Veneto Ferroglio et al., 2005; Cassini et al., 2007; Maroli et al., 2008; Mortarino et al., 2008) . Sporadic human VL cases have also been recorded in some of these foci (Gabrielli et al., 2001; Capelli et al., 2004) .
Major changes appear to have occurred in the phlebotomine fauna of northern continental Italy during the past decades. In the 1965-1974 period, an extensive survey has shown that only 11 out of the 164 sites surveyed in the area (6.7%) were positive for phlebotomine sand flies meaning that Valle d'Aosta and Lombardy were apparently free from Leishmania vectors at that time (Biocca et al., 1977) . With regard to Phlebotomus perniciosus, the main vector in peninsular and insular Italy, only six specimens were found in Piedmont, three in Friuli Venezia-Giulia, and one each in Veneto and Trentino.
A number of entomological surveys conducted since the 1990s (Maroli et al., 1995 (Maroli et al., , 2006a Ferroglio et al., 2000; Ferrarese and Maroli, 2002; Ferrarese et al., 2004; Mortarino et al., 2004 Mortarino et al., , 2008 Natale et al., 2004) have shown that two L. infantum vectors are widespread in northern continental Italy. P. perniciosus has been found at high densities at most collecting sites in hilly and low mountain ranges of six regions; P. neglectus, which was never reconfirmed in northern Italy after its first identification in 1917 (Tonnoir, 1921) , was re-collected after 1995 in several subalpine sites of five regions and found abundant in some of them. Hence, evidence that the two VL vectors have increased in density and expanded their geographic range in northern continental Italy is well supported.
Recent surveys carried out in north-eastern Italy revealed discontinuous autochthonous foci of CanL as well as the presence of competent phlebotomine vectors in provinces of Veneto and Friuli regions (Fig. 1) . In this paper, we report the data of a survey aimed at monitoring the presence of Leishmania vectors and at investigating the existence of conditions favouring the spread of leishmaniasis in the autonomous province of Bolzano-South Tyrol (APB-ST), the northernmost province of the Italian eastern Alps.
The objectives of the study were to investigate the presence of sand flies in the APB-ST territory, to determine whether dogs sheltered in local kennels could have been exposed to L. infantum, as well as finding out about the general awareness among local veterinarians of putative autochthonous or imported CanL. 
Materials and methods

Study area
APB-ST is located at the northernmost part of Italy. The territory is crossed by the main river Adige and bordered by Austria to the north-east and Switzerland to the west (Fig. 1) . It is the largest Italian province with a population of 495,071 inhabitants, a density of 66.8 inhabitants/km 2 , in 2008 (Provincial Institute for Statistics; http://www.provinz.bz.it/astat/it/popolazione/442.a sp) and a surface area of 7,400 km 2 administratively divided into 116 municipalities. The capital is Bolzano with 101,417 inhabitants. Most of the APB-ST settlements are situated at an altitude of 300 to 1,200 m above sea level and a large proportion of the territory the altitude between 800 and 1,800 m is covered by forests and highland pastures. The lower valleys are mostly cultivated (predominantly vineyards and fruit trees) with different types of shrubs and mixed forests. Being on the southern side of the Alps, the climate is milder than in the Austrian and Swiss border areas but colder than the neighbouring Trento province. There are five distinct climate zones: humid subtropical, oceanic, humid continental, sub-arctic, and above 3,000 m alpine tundra with eternal frost (Climate, 2008) .
Entomological survey
The survey was carried out in 2008 along the valley of the river Adige during two different periods of the sand fly season, namely 16-23 July and 18-22 August. These periods correspond to the estimated peak of sand fly activity in northern continental Italy (Ferroglio et al., 2000; Bongiorno et al., 2003) . The entomological survey was restricted to areas having climate, exposition (south or southwest) and environmental variables potentially favourable for the sand fly life cycle (Rioux et al., 1984; Bongiorno et al., 2008; Rossi et al., 2008) . It incorporated municipalities (Fig. 2 ) located in an area starting from the southernmost village of the lower Adige valley with a southern to south-western exposure, including the town of Bolzano and its surroundings (46.5°N, 11.3°E), and proceeded northwards along the upper Adige valley up to the town of Merano towards the north-western border with Switzerland. The geographical characteristics of the Adige valley are shown in Fig. 3 . Suitable collection sites were mainly chosen in the humid subtropical climate zone of the valley with the driest and sunniest weather, i.e. 24 h averages in July of about 23°C (Climate, 2008) , identified by mapping an area separated from the highway passing through the valley, with the aid of geographical information system (GIS) software (ArcView 3.3, ESRI, Redlands, CA, USA) using metadata from the Provincial Forestry Department. In addition, farms in these locations were identified with the help of detailed local maps (Tobacco, 1:25,000) after consulting the veterinary authority.
Records from the collecting sites were entered in a GIS database and used to characterize the bio-geographic factors limiting the presence of sand flies. Collections were carried out with 20 x 20 cm sticky traps coated with castor oil according to Rioux et al. (1967) which were left in wall holes along main and side roads and recovered after 24-48 h. Additionally, CDC light traps (Hausherr's Machine Works, Toms River, NJ, USA), placed overnight outside animal shelters, were used in one instance in one collecting site. The collected sand fly specimens were identified by their morphological characteristics to species level according to Theodor (1958) and Léger et al. (1983) .
Canine serological survey
At the time of the survey, the officially registered dogs in APB-ST amounted to 30,009. Of them, 7,951 (26.5%) lived in the area covered by the entomological survey. Because blood collection from a random sample of owned dogs was not possible for several reasons, only dogs hosted in two kennels in the study area, i.e. the public sanitary kennel of Bolzano and a private shelter in Naturno, located about 30 km north-west of Bolzano, were sampled during May-June, 2008. Blood was collected into 10 ml tubes with silicone gel and coagulation activator, transported to the Laboratory for Animal Health in Bolzano, and centrifuged at room temperature at 2,500 rpm for 4 min. At least 1 ml serum from each sample was frozen and stored at -20°C. An individual standard form was completed with detailed data about each dog sampled (i.e. origin, age, sex, breed and living place). The indirect fluorescent antibody test (IFAT) was performed using L. infantum cultured promastigotes as antigen source (OIE, 2008) . The 1/40 serum dilution showing fluorescent promastigotes was taken as the positive threshold antibody titre. Although a positive titre of 1/40 is not indicative of an ongoing established infection, it can be an indicator for previous Leishmania exposure, and thus important to assess the circulation of the agent in the area.
Awareness among local veterinarians
A standard questionnaire, employed for surveys in the European Union (EU) 6th framework (FP6) integrated project "Emerging Diseases in a changing European eNvironment (EDEN)", was adapted for the subproject "Leishmaniasis (EDEN-LEI)" -CE N. 010284-2" and translated into the main local official languages (German and Italian) and sent out by mail, including pre-stamped envelopes to ease the return of responses. Questions included the approximate number of suspected and confirmed CanL cases observed annually, frequency of observed symptoms, diagnostic and therapeutic choices, opinions about CanL trends in the area, and knowledge of prevention measures. Eligible for the questionnaire survey were veterinarians (either exclusively dealing with pets or a combination of pets and livestock) seeing at least one dog per week. In some cases veterinarians shared the same practice, had the same dogs as patients, and were asked to fill out one questionnaire in common; these groups were treated as a single entity. The individual dog data forms and the questionnaires respons-es were transferred into EpiData 3.1 (Lauritsen, 2000 (Lauritsen, -2008 .
Statistical analysis
Data were analysed using STATA.10 (Statacorp LP, College Station, TX, USA) and Excel. In the questionnaire form, pre-defined answers to the questions had been already categorised into discrete groups of variables, limiting the statistical analysis. Where applicable, the association between variables was investigated with Fisher's exact test instead of Pearson's χ 2 since 25% of expected cell counts were <5.
Multivariable logistic regression was performed to test the association between selected putative risk factors and the outcome variable. Statistical significance of effect variables was tested using the likelihood ratio statistic. Table 1 provides a detailed list of geographical and environmental characteristics of the sites surveyed. A total of 943 sticky traps were set during the two-period survey in 36/37 sites with an average of 25.5 (5-126) traps per site. The recovery rate was 97.1%. CDC traps set in the remaining site gave negative results. Among the sites monitored with sticky traps, 4/36 (11.1%) were positive for sand flies (Table 2) , with a density ranging from 0.5 to 5.8 specimens/m 2 of sticky traps. A total of 61 specimens were collected of which 55.7% were males. Two species were identified of which Sergentomyia minuta was the prevalent one (62.3%). The other species was the competent Leishmania vector P. perniciosus, which was collected in two sites: Guncina and S. Genesio-b. These localities are about 1 km apart at altitudes of 459-487 m above sea level, respectively, on the porphyry walls of the mountains surrounding the northern side of Bolzano. The temperatures recorded ranged between 20.9 and 37.8°C, and the relative humidity differed markedly according to weather conditions between 18.3 and 57.1%. In holes where the sticky traps were placed, the humidity was consistently found to be higher than the outside. The weather over most of the survey period was hot and humid during day and stormy at night.
Results
Entomological survey
Canine serological survey
A total of 40 sera were collected for Leishmania serology from 33 out of 40 dogs hosted in the Bolzano kennels and from seven out of 25 dogs from the Naturno shelter. All dogs investigated were of local origin. They were housed outside at night and the mean time they had spent in the kennels/shelter was 11.3 months. None of the dogs had clinical signs or symptoms of leishmaniasis. All sera tested negative at the 1/40 cut off titre.
Veterinary questionnaire survey
The number of veterinarians eligible for the survey was 48 (25.9% of the total numbers officially registered by the Professional Veterinary Board). Out of these, 40 veterinarians returned the questionnaire, thus the survey response rate was 83.3%. The surveyed veterinarians came from the southern area of APB-ST comprising the main town of Bolzano (23, 57.5%), as well as from the western (10, 25%) and north-eastern area (7, 17.5%). The majority of them were exclusively specialised in pet animal care (31, 77%) and the range of dogs visited weekly was 11-20 or more in most of the cases (26, 65%). Table 3 summarizes the relevant results. Veterinarians reported between 1 and 5 confirmed CanL cases annually, which were considered as imported from endemic Italian and foreign regions. The most popular diagnostic approach was serological (ELISA or IFAT); for therapy, meglumine antimoniate in combination with allopurinol was used.
The veterinarians judged the local epidemiological situation as stable but with the possibility of an increasing risk in the future. They were actively recommending preventive measures and the most mentioned protective products were synthetic pyretroid given as spot-on or collar formulations.
Discussion
The entomological survey carried out in summer 2008 in APB-ST showed the presence of four sites positive for phlebotomines, two of which yielded specimens of P. perniciosus. This is the first record of phlebotomine presence in South Tyrol. The altitude range of positive sites, between 293 and 696 m above sea level, as well as the sand fly densities recorded (0.5-5.8 specimens/m 2 of sticky traps) were comparable to those from recent surveys carried out in neighbouring regions of Italy found endemic for CanL (Ferrarese and Maroli, 2002; Ferrarese et al., 2004; Maroli et al., 2006a,b; Cassini et al., 2007) (Table 4) .
P. perniciosus is the most widespread VL vector in Italy, present in relatively high densities in subAlpine territories of six northern continental regions of Italy . The first finding of this species in an Italian Alpine region, in a setting of unstable autochthonous CanL, was reported from Aosta valley, in western Alps at a lower latitude than our study site (45.4º N, 7.20º E) (Ferroglio et al., 2005) . P. perniciosus exhibits an opportunistic feeding behaviour, taking blood meals from a range of hosts (De Colmenares et al., 1995; Bongiorno et al., 2003; Rossi et al., 2008) , although dogs might be a favourite one (Schrey et al., 1989) . All the surveyed sites were relatively close to human settlements and since sticky traps do not permit species selection (Maroli et al., 1994) , the findings might Desquamative dermatitis, lymphadenopathy, alopecia, renal insufficiency, fever (21) Serological (IFAT, ELISA) (22) Meglumine antimoniate plus allopurinol (36) Stationary (20) Increasing (12) Increasing (25) Unchanged (10) Yes (39) No (1) Spot-on, collars (39) a questionnaires from 40 out of 48 eligible veterinarians reflect habitat preferences. It is known that P. perniciosus prefers sub-humid and humid bioclimates (Rioux et al., 1984) and it is deemed to be ubiquitous in domestic, peri-domestic and sylvatic environments. The site with the highest sand fly density was relatively sheltered, warm, and almost undisturbed by stormy weather conditions at nights. Sand flies were recovered in natural surroundings, in crevices and holes of old stone walls covered with plants. The Mediterranean-like environmental conditions and vegetation, i.e. cypresses, palms, magnolias, agaves, arbutus and the porphyry rock walls of the mountain, seem to offer a suitable shelter and over-wintering places for sand flies. P. perniciosus normally shares breeding sites with other phlebotomine species (Bettini et al., 1986) . In neighbouring sub-Alpine territories, a second relevant VL vector, P. neglectus, was usually co-found in relatively high densities (Ferrarese and Maroli, 2002; Maroli et al., 2002 Maroli et al., , 2006a Ferrarese et al., 2004; Ferroglio et al., 2005) (Table 4 ). This species, however, was not collected in our study area. As regards S. minuta, it is not considered a competent Leishmania vector species, however it is often associated with epidemiologically relevant phlebotomines and may have a role in the transmission of Toscana Virus (TOSV, Bunyaviridae) (Charrel et al., 2006) .
Sand flies might either have colonised the APB-ST territory spontaneously from southern Italian regions, and/or might have been transported unintentionally by people from areas with high sand fly density, as already hypothesized for north-western Italy (Ferroglio et al., 2005) . This seems realistic since the Adige valley is one of the main international cross paths from northern to southern Europe, with intense transit, particularly during the summer season.
South Tyrol is at the most extreme geographical border of the north-eastern CanL diffusion in Italy and the negative results of our serological screening are consistent with an expected low or nil infection 
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19 (2001) 47 (2004) 45 (2005) 107 (2006) 9 (2005) 48 (2006) 230 (2005) 61 ( prevalence in the local dog population. Differently from several sanitary kennels in northern Italy which host dogs from other regions, Bolzano kennels accepts primarily local animals. Apart from two young dogs (<1 year), which could thus not be exposed to previous infection transmission seasons, most were of an age (6 years on average) at which Leishmania infection is usually detected in endemic zones (Trotz-Williams and Gradoni, 2003; Miranda et al., 2007) . Many dogs had spent a relatively long time in the kennels (mean 11.3 months), with no recent travel history to other regions or countries. The collected data are insufficient for establishing the undisputed absence of autochthonous CanL, considering that the dog sample was small and biased, and thus cannot be considered representative of the study area population. Neighbouring regions such as Veneto and Friuli-Venezia Giulia showed a discontinuous presence of autochthonous CanL foci with an overall seroprevalence in dogs of 0.8% (out of 365 tested dogs), but sites have been detected with much higher values (10%, out of 201 tested dogs) (Cassini et al., 2007) . If CanL was also occurring with a similar focal distribution in APB-ST, small localized foci could indeed be present. Hence, it will be necessary to confirm these negative findings through more extensive surveys using representative samples of the local dog population.
Among the 185 veterinary practitioners, only 25.9% were eligible in the study area and most of them participated in the survey. Most of those responding were specialised in pet animals and constituted an experienced information source. In general, veterinarians' attitude towards preventive measures and education of dog owners is positive and they are well informed and aware of CanL, although they estimated the current risk of CanL in the study area to be low. In areas of new endemicity, infections are probably due to importation of infected dogs Spada et al., 2005; Mortarino et al., 2008) . More than one third of all the veterinarians reported having seen 1-5 confirmed imported cases in the last 12 months. Thus, the prevalent opinion among veterinarians is that the chances of seeing CanL cases in the study area will increase in the future.
Different situations of VL endemicity are currently seen in countries beyond eastern Italian Alpine territories. At north, confirmed or suspected autochthonous CanL and VL cases have been reported from Germany (Gothe et al., 1997; Bogdan et al., 2001; Naucke and Schmitt, 2004; Nauke et al., 2008) and suspected in Austria in the past (Kollaritsch et al., 1989) . At east, Dalmatia (Croatia) is traditionally endemic for human VL and CanL (Bosnic et al., 2006) .
Up to now, temperature has been one of the main factors preventing the spread of both VL and CanL to Northern Europe (Kuhn, 1999) , but the northward spread may be favoured by global warming (KillickKendrick, 1996) . In South Tyrol hypothetical local parasite transmission seems difficult; the main sand fly season is probably too short (July-September), limited by unfavourable weather conditions, like in other northern areas (Bongiorno et al., 2003; Ferroglio et al., 2006) , and phlebotomines probably occur in low densities, with discontinuous distribution. However, since temperature and relative humidity seem to affect their distribution and density (Haines et al., 2006) , future developments must be monitored. Higher mean temperatures over an extended period may allow shortening of larval development and extension of the breeding season, thereby increasing the risk of exposure for susceptible hosts. The geographical distribution of vectors could therefore also change in APB-ST allowing survival in more northern sites and at higher altitudes (Rioux et al., 1997; Rhodain, 2000; Rioux and De La Rocque, 2003) .
